The present study investigated the effects of dopamine on chloride transport across cultured rat caudal epididymal epithelium. The results showed that dopamine induced a biphasic short-circuit current (Isc) in a concentration-dependent manner. The dopamine-induced response consisted of an initial rapid spike followed by a sustained phase. The alpha and beta adrenoreceptor inhibitors, phentolamine and propranolol, inhibited the initial spike and the sustained phase, respectively, suggesting a contribution of adrenergic receptors. The response was almost abolished by removing the extracellular Cl 
INTRODUCTION
The epithelial cells lining the epididymis create an optimal fluid microenvironment in the epididymis where sperm progressively acquire their fertilizing capacity and forward motility [1, 2] . Secretion of Cl À in epididymal epithelium is important to maintain the microenvironment of the epithelial tube [3] . Previous studies have shown that Cl À secretion across the epididymal epithelium is under the control of neurotransmitters released by the nervous system [4] . For instance, activation of adrenoreceptors increases intracellular cAMP and Ca 2þ concentration. These second messengers act on different components of the secretory pathway, which stimulate Cl À secretion [5] .
Dopamine is a catecholamine, and it serves as a precursor to noradrenaline and adrenaline. Previous studies demonstrated that dopamine (DA) and noradrenaline (NE) coexist in the same sympathetic neurons of the rat vas deferens. Concentrations of DA and NE are maximal near the prostatic end and decrease toward the epididymis [6] . Also, dopamine-betahydroxylase (DBH), an enzyme that converts DA to NE, has been shown to be present in the NE-and peptide-containing nerves in the epididymis of the boar [7, 8] .
Secretion of Cl À in many other epithelia has been found to be stimulated by DA [9, 10] . The DA-induced response was demonstrated by an increased intracellular cAMP concentration and caused the opening of apical Cl À channels [11] . However, the direct effect of DA on Cl À secretion in the epididymal epithelium is not yet fully understood. Therefore, the present study will investigate the role of DA in Cl À secretion in the epididymal epithelium and elucidate the intracellular signaling pathways involved in the regulation of Cl À secretion by DA.
MATERIALS AND METHODS

Animals
Immature male Sprague-Dawley rats were purchased from the Animal Center of Sun Yat-sen University. Animals were housed and fed according to the guidelines of the Sun Yat-sen University Animal Use Committee; all procedures were approved prior to each experiment. Animals were housed in a constant temperature room (208C) with a 12L:12D photoperiod and allowed food and water ad libitum.
Materials
Eagle minimum essential medium (EMEM), fetal bovine serum (FBS), nonessential amino acids, penicillin/streptomycin, Hanks Balanced Salt Solution, sodium pyruvate, and trypsin were purchased from Gibco Laboratories (Grand Island, NY). The 5-alpha-dihydrotestosterone (5a-DHT), collagenase IA, dopamine, phentolamine, propranolol, and BAPTA/AM were from Sigma Chemical Co. (St. Louis, MO). Diphenylamine-2-carboxylate (DPC) was purchased from the Riedel-de-Haen. Fluo-3 AM and pluronic F-127 were obtained from Molecular Probes Inc. (Eugene, OR). The cAMP immunoassay kit was obtained from Assay Designs Inc. (Ann Arbor, MI). The bicinchoninic acid (BCA) protein assay kit was purchased from Shenenergy Inc. (Shanghai, China).
Cell Culture of Rat Epididymal Epithelium
The procedures of tissue culture have been described previously [12] . In brief, immature male Sprague-Dawley rats weighing 120-150 g were killed by CO 2 inhalation. The caudal epididymides were dissected out, finely minced with scissors, and treated successively with 0.25% (w/v) trypsin and 0.1% (w/v) collagenase. The disaggregated cells were suspended in EMEM containing nonessential amino acids (0.1 mm), sodium pyruvate (1 mm), 5a-DHT (1 nm), 10% FBS, penicillin (100 IU/ml), and streptomycin (100 lg/ml). After primary culture of 4-6 h, the cells were seeded onto Millipore filters (0.45 cm 2 ) floating on EMEM completed with other supplements. The cells then were incubated at 328C with 5% CO 2 for 4 days before the monolayers reached confluence and were ready for the measurement of short-circuit current (Isc). Following the establishment of the primary culture, cultured epithelial cells were seeded on glass coverslips in 12-well plates for patch-clamp experiments.
Isc Measurement
A confluent monolayer of rat epididymal cells was clamped vertically between the two halves of an Ussing chamber, and Isc measurement was made as described previously [13] . In brief, confluent epididymal monolayers were clamped between the two halves of Ussing chambers. The tissue was shortcircuited by the use of a voltage-clamp amplifier (VCC MC6; Physiologic Instruments, San Diego, CA). The Isc results were obtained from the signal collection and analysis system (BL-420E; Chengdu Technology & Market Co. Ltd.). Transepithelial resistance was obtained from the Ohm law by clamping the tissue intermittently at a voltage of 1 mV displaced from zero. In most situations, the monolayers were bathed on both sides with normal KrebsHenseleit (K-H) solution and gassed with 95% O 2 /5% CO 2 at 328C to attain a pH of 7.4.
Whole-Cell Patch-Clamp Recording
After 3 days of culture, epididymal cells formed colonies in the cultured dishes. The cells were incubated in Ca 2þ -free Dulbecco-PBS (D-PBS) solution containing 1 mM EGTA for 10-15 min to separate the cells. The cells then were moved to a 1-ml chamber fixed on the stage of an immersed lens microscopy system (BX51WI; Olympus). Recording was performed at room temperature using a Multiclamp700A amplifier and Digidata 1322 series interface (Axon Instruments, Foster City, CA). Signals were filtered at 10 kHz, and pclamp9.0 software (Axon Instruments) was used for data recording and analysis. Patch pipettes were pulled from 1.2-mm outer diameter, 0.5-mm inner diameter glass pipettes (local product) using horizontal puller P-97 (Sutter Instrument Co., Novato, CA). The resistance of the patch pipettes was 2-7 MX.
A positive pressure was added in the patch pipette before immersion into the bath solution. When the tip of the pipette attached to the cell surface, the pressure was withdrawn and a giga-seal (.2 GX) was formed. Whole-cell configuration was achieved by applying suction to rupture the membrane patch. The epididymal cell was held at its resting potential, À30 mV. In the episodic recording mode, the voltage was clamped from À120 mV to þ160 mV, step þ20 mV, and in the gap-free recording mode, the cells were held at À70 mV throughout the period of recording.
Measurement of Intracellular cAMP
Cultured epididymal epithelial cells were seeded onto 24-well tissue plates with a density of 1.5 3 10 6 cells/ml. After 4 days of culture, the cells were washed and incubated in K-H solution at 328C for 15 min. Several different drug treatments and time courses were used (see Results). Afterward, each well of cells was washed with K-H solution, and the cells were lysed with 0.5 ml lysis buffer (0.1 M HCl and 1% Triton X-100). Lysed cells were mixed with the buffer solution and centrifuged at 2000 rpm for 4 min at room temperature. The cAMP content of cleared supernatants was assayed using a commercially available enzyme immunoassay kit from Assay Designs Inc. (Ann Arbor, MI). In each experiment, the protein content of three wells was measured by bicinchoninic acid (BCA) protein assay kit. Protein determination allowed detection of cAMP in the picomole per milligram range [14] . FIG. 1 . Effects of various concentrations of DA on Isc response. A) Representative DAinduced (100 lM) Isc recording from an epididymal epithelial monolayer. B) However, it failed to get the Isc response when 100 lM DA was applied to the apical side (n ¼ 5). C) Concentration-response curves for the DA-induced change in Isc. Each data point is the mean 6 SEM (n ¼ 4-7). bl, Basolateral side; ap, apical side.
Measurement of Intracellular Calcium
Cells were prepared and loaded with the fluorescent dye Fluo-3 as described previously [15] . Briefly, the cells were grown in culture medium on 12-well tissue plates at 328C. After 24 h of culture, the cells were washed with normal physiological saline solution (NPSS). For loading of Fluo-3, cells were incubated for 1 h in the dark at room temperature with 10 lM membranepermeant Fluo-3 AM and 0.02% pluronic F-127 in NPSS. The cells then were washed three times in new NPSS before intracellular Ca 2þ measurement. The fluorescence signal was monitored and recorded by a Laser Scanning Confocal Imaging System (TCS SP2; Leica Microsystems). The data were processed with Origin 7.0 (OriginLab Corp., Northampton, MA).
Solutions
The normal K-H solution used had the following composition: 117 mM NaCl, 4.7 mM KCl, 2.5 mM CaCl 2 , 1.2 mM MgCl 2 , 24.8 mM NaHCO 3 , 1.2 mM KH 2 PO 4 , and 11.1 mM glucose. The solution was gassed with 95%O 2 /5%CO 2 at 328C to attain a pH of 7.4. In Cl À -free experiments, ambient Cl À was replaced by gluconate. In HCO 3 À -free and anion-free experiments, 10 mM HEPES was added to sustain a pH of 7.4, and the solution was bubbled with 100% O 2 .
The Ca 2þ -free D-PBS solution consisted of: 137 mM NaCl, 8 mM Na 2 HPO 4 , 1.5 mM KH 2 PO 4 , and 2.7 mM KCl. In patch-clamp experiments, the pipettes were filled with a solution containing: 135 mM NMDG-Cl, 2 mM MgCl 2 , 3 mM MgATP, and 10 mM HEPES, pH adjusted to 7.2 with Tris. The bath solution contained 135 mM NMDG-Cl, 4.7 mM CsCl, 2.5 mM CaCl 2 , 1.2 mM MgCl 2 , 1.2 mM NaH 2 PO 4 , 10 mM glucose, and 10 mM HEPES (pH ¼ 7.4). The NPSS contained 140 mM NaCl, 1 mM KCl, 1 mM CaCl 2 , 1 mM MgCl 2 , 5 mM HEPES, and 10 mM glucose (pH 7.4).
Statistical Analysis
Results are expressed as means 6 SEM. Statistical comparisons between groups of data were made by Student t-test. Multiple comparisons were made using one-way ANOVA. P , 0.05 was considered significant.
RESULTS
The Concentration Dependence of DA-Induced Isc Response
Following 4 days of culture, confluent monolayers were placed in the Ussing chamber. The polarized layers of the cultured epithelium used in the present study had a transepithelial electrical resistance of 730 6 84 Xcm 2 (n ¼ 50), with a basal Isc (I b ) of 6.20 6 0.6 lA/cm 2 (n ¼ 22) in the unstimulated state when bathed in K-H solution. The DA added to the basolateral side induced a biphasic response. This response consisted of a transient upstroke followed by a sustained phase (Fig. 1A) . Interestingly, the addition of DA to the apical side did not induce a significant Isc response (n ¼ 5; Fig. 1B ). The dose-response curves exhibited a sigmoidal profile (Fig. 1C) . The EC 50 of DA was approximately 10 lM (first peak) and 20 lM (sustained phase). The maximum Isc response was attained at 1 mM DA on the basolateral side.
Involvement of Adrenoreceptors on DA-Induced Isc Response
In many other epithelial cells, the effects of DA on ion transport are mediated by stimulation of adrenoreceptors [10, 16] . Therefore, the involvement of adrenoreceptors in DAinduced Isc response in epididymal epithelium was investigated. In control experiments (cells without pretreatment of any blockers), the average magnitudes of the initial spike and the second component were 8.04 6 0.16 lA/cm 2 and 6.35 6 0.27 lA/cm 2 , respectively (n ¼ 12; Fig. 2A ). When the epididymal cells were pretreated with nonselective alpha-adrenoreceptor Figure  2D . This suggests that DA-induced Isc is mediated mainly by adrenoreceptors.
Different Contributions of Extracellular Anions on DAInduced Isc Response
When the cells were bathed in normal K-H solution, DA induced a biphasic increase in Isc consisting of an initial spike followed by a delayed but more sustained response (Figs. 1A, 2A, and 3A). Removing ambient Cl À (gluconate substitution) dramatically reduced the whole Isc response (first peak, 0.11 6 0.07 lA/cm 2 ; second peak, 0.02 6 0.09 lA/cm 2 ; n ¼ 4; Fig.  3B ). Removing ambient HCO 3 À (HEPES buffering) had little effect on the DA-induced Isc response (first peak, 2.71 6 0.05 lA/cm 2 ; second peak, 5.61 6 0.14 lA/cm 2 ; n ¼ 4; Fig. 3C ). Removing all anionic constituents abolished the DA-induced Isc response (Fig. 3D) . Summary of these effects is shown in Figure 3E . This suggests that the DA-induced Isc is primarily a Cl À current.
Characteristics of DA-Induced Whole-Cell Current
In patch-clamp experiments, a whole-cell current could be activated upon addition of 100 lM DA to the bath solution (Fig. 4) . The current recordings were obtained with symmetrical Cl À concentrations in the pipette and bath solutions. The reversal potential of the DA-induced current in symmetrical Cl À solutions was close to the Cl À equilibrium, 0 mV. The DAinduced whole-cell current exhibited changes in kinetic profile with time, as shown in Figure 4A . Current activation was observed 30 sec after the addition of DA, showing a delayed activation and inactivation (Fig. 4C) . The whole-cell current profile usually became relatively time independent after 5 min (Fig. 4D) . The difference in whole-cell current characteristics over time was also reflected in the current-voltage (I-V) relationships, as shown in Figure 4E . The observed changes in Compared with the control group data (applications of DA without any Cl À channel blockers; Fig. 5A ), the DA-induced Cl À secretion was partially blocked by 100 lM disulfonic acid stilbene (DIDS; a Ca 2þ -activated Cl À channel blocker; first peak, 2.06 6 0.22 lA/cm 2 ; second peak, 5.71 6 0.28 lA/cm 2 ; n ¼ 4; Fig. 5B ) and significantly blocked by 1 mM DPC (a nonselective Cl À channel blocker; first peak, 1.89 6 0.04 lA/ cm 2 ; second peak, 0.14 6 0.05 lA/ cm 2 ; n ¼ 4, Fig. 5C ). These results showed that DIDS could inhibit a large proportion of the initial Isc response but had no effect on the second phase. A summary of the above data was shown in Figure 5D . This suggests that the DA-induced initial Isc response (Cl other Cl À channels (such as the CFTR-like channel). In order to further confirm that the DA-induced Isc sustained phase is indeed due to the CFTR opening, we used the most specific commercial CFTR blocker, CFTRi-172, to test the DA-induced Isc. When DA-induced Isc response reached a plateau, 5 lM CFTRi-172 was applied to the apical side of the monolayer. The results showed that 5 lM CFTRi-172 can inhibit the DAinduced sustained phase from 5.60 6 0.9 lA/cm 2 to 2.14 6 0.53 lA/cm 2 ( Fig. 5, E and F) . In patch-clamp experiments, the DA-induced whole-cell current could also be inhibited by Cl À channel blockers. The control of DA-induced whole-cell current is shown in Figure  6A . DIDS (100 lM) partially inhibited the DA-induced late phase currents (Fig. 6B) . Residual currents could be totally blocked by 500 lM DPC. Application of DPC without pretreatment of Disulfonic acid stilbene also completely suppressed the DA-induced whole-cell current (Fig. 6C) . Figure 6D shows the I-V relationships for the DA-induced current in the presence of DPC and DIDS. The results above 
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À SECRETION IN EPIDIDYMIS indicate that CLCA1 and CFTR located on the epididymal epithelium mediate the DA-induced Cl À secretion.
Involvement of Intracellular cAMP in DA-
The involvement of different types of Cl À channels in DAinduced Cl À secretion indicates that different regulatory pathways may be involved in Cl À secretion. We hypothesize that Ca 2þ and cAMP-dependent regulatory pathways could be involved in DA-induced Cl À secretion. The involvement of intracellular cAMP in Cl À secretion was examined by investigating the effect of an adenylate cyclase inhibitor, MDL12330A, on the Isc response to DA (100 lM). As shown in Figure 7B , preincubation of the epididymal cells for 25 min with 20 lM MDL12330A resulted in a 76.5% (first peak) and a 71.9% (sustained phase) inhibition of the Isc response elicited by 100 lM DA (compared with control; Fig. 7A ). The summary of the MDL12330A effects is shown in Figure 7C . Here we also showed a side evidence of involvement of intracellular cAMP in Cl À secretion by DA. An adenylate cyclase activator, forskolin (FSK, 10 lM) was added to the monolayer to induce an Isc. The subsequent application of 100 lM DA could not induce further significant Isc response. This suggests that ''depletion'' of intracellular cAMP can prevent the DA-induced Isc (Fig. 7D) .
To further characterize the cAMP-dependent pathway involved in the DA-induced response, the intracellular cAMP content was measured. As shown in Figure 8 , the intracellular cAMP content under basal conditions was 11.36 6 2.97 pmol/ mg protein (n ¼ 5). After incubation with DA (100 lM), cAMP levels increased significantly to 28.76 6 7.05 pmol/mg protein (n ¼ 3; P , 0.05). To test whether decreased cAMP degradation contributed to increased cAMP levels, the broad, specific phosphodiesterase inhibitor IBMX (100 lM) was added to the cells, and the resulting effects on DA-responsive cAMP levels were evaluated. IBMX (100 lM) alone caused an increase in cAMP levels to 33.36 6 3.64 pmol/mg protein, which is significantly different from control (n ¼ 5; P , 0.05). After incubation with 100 lM DA in the presence of IBMX (100 lM), there was a significant increase in cAMP levels, to
FIG. 5. Effects of Cl
À channel blockers on DA-induced Isc currents. A) Addition of 100 lM DA to the basolateral (bl) side of the monolayer caused a rise in Isc. This response was found to be partially inhibited by adding 300 lM DIDS (B) and was almost inhibited by DPC (1 mM, ap; C). D) Summary of the effects of the DIDS and DPC. Columns and bars are means 6 SEM (*P , 0.05, **P , 0.001, compared with control; n ¼ 4-7). E) Representative recording of effect of CFTRi-172 (5 lM) on Isc. CFTRi-172 was applied to the cells when the DA-induced Isc stayed at the plateau. F) Summary of the effects of CFTRi-172 on the second phase of DA-induced Isc. Columns and bars are means 6 SEM (*P , 0.05). 
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55.82 6 1.12 pmol/mg protein (n ¼ 3; P , 0.05). The data suggest that DA significantly increases the intracellular cAMP levels and that degradation of intracellular cAMP by phosphodiesterases also may influence DA-induced Cl À secretion.
Involvement of Intracellular Ca
To study the involvement of intracellular Ca 2þ in the Isc response to DA, the epididymal epithelial monolayer was loaded with the cell-permeant Ca 2þ chelator BAPTA/AM before DA stimulation. The initial spike triggered by DA was totally abolished by pretreatment with BAPTA/AM for 25 min, and the second component was partially inhibited (1.17 6 0.06 lA/cm 2 , n ¼ 4; Fig. 9B ). Figure 9A shows the representative Isc of the control group (without BAPTA/AM treatment). The summary of the effect of BAPTA/AM on Isc is shown in Figure  9C . These data suggest that the DA-induced Cl À secretion in the epithelial cells is in part controlled by intracellular Ca 2þ . To further investigate the role of intracellular Ca 2þ in the DA-induced response, the intracellular Ca 2þ was measured with Fluo-3. Figure 10A shows the effect of DA (100 lM) on the intracellular Ca 2þ in single epididymal cells. The cells were bathed in NPSS containing 1 mM Ca 2þ . Stimulation with 100 lM DA gave rise to a dramatic increase in intracellular Ca 2þ . This increase in intracellular Ca 2þ was attenuated by 2 mM Ni 2þ (nonselective cation channel blocker) and 100 lM Gd 3þ (Fig. 10B) . The results suggest that DA stimulation increases intracellular Ca 2þ by somehow opening TRP channels, which serve as a path way for Ca 2þ entry [17] .
DISCUSSION
Dopamine induces a biphasic Isc response in cultured rat epididymal epithelial cells, which consists of an initial, transient increase followed by a sustained phase. The present study demonstrated that the DA-induced Isc response in cultured rat epididymal epithelium is largely due to electrogenic Cl À secretion. Dopamine had little effect on Isc in Cl À -free K-H solution. The Isc response to DA was found to be abolished by the Cl À channel blockers DPC and DIDS. It is possible that Na þ absorption could play a role in the Isc response to DA. Therefore, we added the epithelial Na þ channel blocker amiloride to the apical side of the cells. Amiloride did not change the DA-stimulated Isc response (data not shown). The above results indicate that in cultured rat epididymal epithelial monolayers, the increase in response to basolateral application of DA can be attributed to Cl À secretion. Dopamine is known to stimulate adrenergic receptors [10, 11, 16] . In the present study, the results showed that DA activated the adrenergic receptors and led to Cl À secretion. The Isc response to DA occurred in a dose-dependent manner. Dopamine-induced Isc initial response is mediated by areceptor stimulation, and the secondary sustained response is mediated by beta-receptor activation. The Cl À secretion mediated by adrenoreceptor activation in cultured rat epididymal epithelial cells has already been studied in response to other neurotransmitters [5, 18, 19] . Phentolamine inhibited the a 1 -adrenoreceptor-mediated Cl À secretion (initial spike), whereas propranolol inhibited the b 1 , b 2 -mediated Cl À secretions (second phase) in a dose-dependent fashion [19] . The adrenoreceptor-mediated Cl À secretion has been reported in many cell types, including the tracheal epithelium [20] , atrial tissues [21, 22] , rat colon cells [23] , mouse endometrial epithelium [24] , etc.
Previous studies have shown that DA-induced Cl À secretion and K þ transport in the rat colon occur through activation of the DA receptors [10] . In this study, in order to investigate whether DA receptors were involved in DA-induced Isc response, 5 lM adrenaline was added to induce a biphasic Isc response (Cl À secretion), and when the Isc response came to a plateau, basolateral addition of 100 lM DA could not induce further Isc response (data not shown). This result suggested that DA-induced Isc response (Cl À secretion) was mostly due to activation of adrenoreceptors, but not DA receptors, in cultured rat epididymal epithelium.
The DA-induced biphasic Isc response consisted of a transient spike followed by a sustained response. In whole-cell patch clamp experiments, the initial DA-induced Cl À current (an outwardly rectifying I-V relationship) could be inhibited by DIDS (a Ca 2þ -activated Cl À channel blocker). These data indicate that the initial Cl À peak could be mediated by intracellular Ca 2þ [25, 26] . An increase in intracellular Ca 2þ was observed after addition of 100 lM DA. This increase in intracellular Ca 2þ was rapid and appeared to be an extracellular Ca 2þ -dependent response [5, 27] . When cells were bathed in a Ca 2þ -free saline solution, DA did not induce any change in intracellular Ca 2þ . When cells were pretreated with 2 mM Ni 2þ or 100 lM Gd 3þ , the DA-induced Ca 2þ response was attenuated, indicating that extracellular Ca 2þ entry was required for the increase in fluorescence intensity. The above results suggest that DA activates the adrenergic receptors on the epididymal epithelium, causing extracellular Ca 2þ entry. Previous studies have shown that in nonexcitable cell types, extracellular Ca 2þ influx occurs primarily through the TRP family of Ca 2þ channels [28, 29] . TRPC3 and TRPV6 channels have been shown to be expressed in the basal cells and the principal cells of the epididymal epithelium, respectively [17] .
Outward rectification chloride channel (ORCC) belongs to different Cl À channel subfamilies. In the CLCN family (also known as the ClC family), CLCN1 to CLCN5 can be functionally expressed as plasma membrane chloride channels. CLCN1 and CLCN2 have inward rectification I-V properties. CLCN3 to CLCN5 show outward rectification I-V properties. Only CLCN3 could be blocked by DIDS. However, CLCN3 is a cell swelling-activated Cl À channel. In all of our experiments, we usually kept the solution's osmolarity at a physiological range (between 290 and 310). Therefore, the ORCC current that we detected is not from the CLCN family. Although the CLCA proteins have been detected in a wide variety of secretory cells, not all seem to have identical functional properties. Plenty of putative proteins (the CLCA family) have been cloned from human and other species [30] [31] [32] , but their relationships to endogenous CLCA1 are not yet clear [33] . In addition, the kinetics, pharmacological characteristics, and the calcium sensitivities of the CLCA family and native CLCA1 are extremely different [34] .
The adenylate cyclase activator and inhibitor experiments show strong evidence that the intracellular cAMP concentration is an important component of the DA-induced sustained Isc response (Fig. 7) . We also measured directly the intracellular cAMP content in epididymal epithelial cells under various conditions (Fig. 8) . These data suggest that DA may increase the intracellular cAMP directly through activation of the 
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À SECRETION IN EPIDIDYMIS 21 transmembrane adenylate cyclase. It is therefore likely that the Isc response to DA is mediated by the increase of intracellular cAMP level, which can both activate protein kinase A and lead to the opening of apical cAMP-dependent Cl À channels, such as CFTR.
A number of studies have described that an agonist of cAMP could synergistically enhance the secretory response to Ca 2þ -mobilizing agonists in epithelial cells, despite the varied degrees of synergism observed [35] [36] [37] [38] [39] . In mouse cumulusoocyte complexes, adding the Ca 2þ ionophore ionomycin to cumulus cells resulted in both Ca 2þ and cAMP elevations, whereas preincubation of cells with the Ca 2þ chelator BAPTA/ AM abolished the 5-HT-induced Ca 2þ increase and reduced the cAMP increase. These results indicate that there is cross talk between the 5-HT-sensitive Ca 2þ and cAMP pathways [40] . In cardiac fibroblasts, studies showed that ionomycin and thapsigargin increased intracellular Ca 2þ level and potentiated the isoproterenol-and FSK-stimulated cAMP production, whereas chelation of Ca 2þ with BAPTA/AM could inhibit this potentiation. Inhibitors of tyrosine kinases, protein kinase C, or G protein b, c subunits (G-bc subunits) did not alter this cross talk [41] . In parotid acinar cells, cAMP potentiated Ca 2þ release from intracellular stores, primarily through a protein kinase A-mediated phosphorylation of type II inositol 1,4,5-trisphosphate receptors [42] . The above results of these studies could provide some explanations as to why MDL12330A could inhibit some of the initial Isc response, although it appears to be mediated by intracellular Ca 2þ .
In conclusion, the results of our study suggest that extracellular DA activates a Ca 2þ -dependent and cAMPdependent regulatory pathway. Activation of this pathway leads to Cl À secretion in epididymal epithelial cells by activation of both a and b adrenergic receptors in epididymal epithelial cells.
